I. INTRODUCTION
A method to create liquid chambers at small length scales can enable a large number of parallel experiments to be conducted in a small device. For instance, isolated nanoliter water pockets in a microchannel, much like a multiwell plate system, can be used for applications in diagnostics, drug discovery, and hydrogel synthesis [1] [2] [3] [4] [5] . Similarly, entrapped oil pockets can be used to study reaction engineering and to screen chemicals for enhanced oil recovery [6] . In the literature, there are two broad categories of studies related to liquid entrapment. The first focuses on the design of microfabricated traps such as depressions and other lithographic features for entrapment of individual droplets [7] [8] [9] [10] [11] [12] [13] [14] [15] . In contrast, the second focuses on the design of a complex porous network for larger-scale liquid entrapment [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . Though the studies in the first category are able to trap individual droplets, they typically cannot control the shape of trapped droplets. The second category of studies can produce designed or random morphologies of liquid entrapment, but they are unable to trap isolated well-defined liquid pockets.
In this article, we present a method to trap isolated liquid regions in a fluidic device. This is achieved by sequentially flowing oil and water (or vice versa) past photopatterned obstacles with tailored wetting properties [27] . The simplicity of the proposed method allows us to control the amount and shape of entrapped liquid by using size, shape, and wettability of the obstacles as design parameters. Our method allows us to trap oil as well as water pockets. Further, we also detail the underlying mechanism of liquid entrapment through a simple model that has an analytical solution. The model is able to give insights into the importance of wetting and geometry in controlling the entrapment process that can have broad implications in multiphase flows.
II. RESULTS AND DISCUSSION
A. One circular post: Theory and experiments
Experimental setup
A schematic of our experimental setup to trap oil is presented in Fig. 1(a) . Following a process previously developed by our group [27] , we photopattern a post with controlled wetting properties within a glass microchannel with height 50 μm, width 1 mm, and length 18 mm (Hilgenberg GmbH). We tailor the wetting properties of the post by varying the ratio of the monomer and crosslinker in the photopolymer mixture. By using different proportions of lauryl acrylate (monomer, Sigma-Aldrich) and 1,6-hexanediol diacrylate (cross-linker, Sigma-Aldrich), we create posts with five different wetting properties (details of the photopolymer composition and contact-angle measurements are provided in the Appendix). For the most oil-wet case, the post has θ a;WO ¼ 144°(the advancing contact angle of water in oil) and θ r;WO ¼ 111°( the receding contact angle of water in oil). On the other hand, for the least oil-wet case, the post has θ a;WO ¼ 95°a nd θ r;WO ¼ 82°.
After photopattering the post, the channel is sequentially filled with decane (Sigma-Aldrich) and water by a syringe pump (Harvard Apparatus) at a constant flow rate of 9 μL= min. The encapsulation of oil behind the obstacle involves (1) a decrease in the interfacial curvature when water reaches the obstacle, (2) oleophilic wetting leading to bending of the interface as it moves over the obstacle, and (3) pinch-off when two sides of the interface meet each other [ Fig. 1(b) ].
The procedure to trap water is the same except that it involves creating a water-wet post and sequentially injecting water and decane (i.e., the inverse of the oil case). We photopattern a water-wet post with θ a;WO ¼ 67°, θ r;WO ¼ 40°using a specific composition of hydrophilic monomer additive 2-hydroxyethyl acrylate (Sigma-Aldrich) and hydrophilic cross-linker 1-(acryloyloxy)-3-(methacryloyloxy)-2-propanol (Sigma-Aldrich). Details of the compositions and contact angles are provided in the Appendix.
Theoretical setup
There are several important dimensionless numbers for the given system: the Reynolds number Re ¼ ðρ w u av H=μ w Þ, viscosity ratio ðμ o =μ w Þ, capillary number Ca ¼ ðμ w u av =σÞ, contact angle of oil in water on the post θ, contact angle of oil in water with the sidewalls β, and geometric ratio R=W, where ρ w is the density of the water, u av is the gap-average velocity of water, μ w is the viscosity of the water, H is the half-height of the channel, μ o is the viscosity of decane, σ is the interfacial tension between water and decane, R is the radius of the post, and W is the half-width of the channel.
We can obtain important insights into the system by estimating the values of some of the dimensionless numbers. By using the physical properties of water and u av ≈ 3 mm=s (calculated by dividing the injection flow rate by the cross-sectional area), we calculate Re ∼ Oð10 −1 Þ. This low Reynolds number implies that the flow around the post is laminar and symmetric. μ o =μ w for decane and water is close to unity, and, thus, we can neglect any viscosity contrast effects. Lastly, by assuming σ ≈ 50 × 10 −3 N=m, we estimate Ca ∼ Oð10 −4 Þ. Low values of Ca signify that the interface between oil and water is not perturbed by the shear forces and that we can use a pseudostatic assumption for the interface at each instant in time. Upon varying the input flow rate by 3 orders of magnitude (0.1 mm=s ≤ u av ≤ 100 mm=s), we do not observe any significant change in oil encapsulation (see the Appendix for more details), since the pseudostatic assumption holds for the entire velocity range. For the purpose of this work, we keep the u av to be constant with u av ≈ 3 mm=s. Based on the above discussion, we assume the interface to be a circular arc in the projected 2D plane such that it satisfies the static contact-angle conditions at the solid boundaries [ Fig. 1(c) ]. We verify our assumption by fitting the experimental images of the interfaces with a circular arc and observe a reasonably good agreement (see the Appendix for details). A circular interface assumption implies a constant curvature and a constant Laplace pressure drop across the interface. Since the physical process here involves the displacement of oil by water, the relevant contact angle is the advancing contact angle of water in oil θ a;WO . However, as shown in Fig. 1(c) , for simplicity of the calculations, we define θ as the angle subtended by the oil phase with the contact line, i.e., θ ¼ π − θ a;WO . We assume the center of the post as the FIG. 1. Schematics of the experimental and theoretical setup. (a) Schematic of immiscible liquid-liquid displacement in a microchannel with an obstacle. For oil entrapment, an oil-wet circular post is first patterned in a flat glass microchannel, the channel is filled with decane (oil), and water is introduced into the channel. For water entrapment, we create a water-wet post and sequentially flow water and decane (oil). (b) Time-series microscope images through the immiscible displacement process for oil entrapment. As displacing water meets the obstacle, the water/oil interface starts to bend and encapsulates the obstacle, and the interface pinches off when the upper and lower interfaces touch each other at the center line of the channel. As a result, an oil pocket is left at the posterior region of the obstacle. Scale bar is 200 μm. (c) Schematic of theoretical setup. Because of the low capillary number of the outer water flow Oð10 −5 Þ, the water/oil interface can be approximated as a circular arc with boundary conditions specified by the contact angles with the two solid surfaces-the obstacle and the channel sidewall.
origin. The radius of the post is R, the half-width of the channel is W, α is the angle at which the interface touches the post, x c and y c are the x and y coordinates of the center of the circular arc, R c is the radius of the circular arc, and θ and β are the contact angles subtended by oil in water with the contact lines of the post and sidewalls. Through geometrical equations and their simplification, we obtain (see the Appendix for details)
The above relations define the arc for a general value of α. In Fig. 2 , we plot the variation of x c =R, y c =R, R c =R with α for θ ¼ 37ðπ=180Þ, β ¼ 7π=36, and W=R ¼ 5. When the interface meets the posts, i.e., α ¼ π, the 2D projected interface has very low curvature (or high R c ), as it has only to satisfy the contact-angle condition with sidewalls and is not confined to flow through a smaller area. The curvature sharply increases as the interface moves over the obstacle until α ≈ π=2, where the flow area is minimum. As the interface continues to move (x c increases with decrease in α), there is a relatively gradual change in y c and R c for α > π=2, since the interface is forced to satisfy the wetting conditions with the two solid surfaces until pinch-off [see Fig. 3 (a)]. For a fixed value of α (a time instant in a real experiment), the pressure discontinuity is uniform across the interface and is given by the Laplace pressure, Π L . We can estimate Π L ≈ σ½ð1=R c Þ þ ð1=HÞ. Moreover, upon comparing the pressure variation in individual phases over a length equal to the half-width of the channel ΔP ∼ ð12μ w u av W=H 2 Þ to Laplace pressure Π L , we get ðΔP=Π L Þ ∼ CaðW=HÞ ∼ Oð10 −3 Þ. Therefore, a pseudostatic assumption, i.e., the pressure variation within each phase is negligible when compared to pressure drop across the interface, is valid. As the interface moves over the post, the interfaces from the two sides of the post eventually touch each other (defined to be α ¼ α p ) when Fig. 1(c) ], leading to a pinch-off and subsequent encapsulation of oil. During pinch-off, we sometimes also observe formation of satellite drops [28] (see the Appendix for details). However, we currently ignore such secondary effects in our model. Using the condition of y c ¼ R c , we obtain the following relation for α p upon simplification of Eqs. (A4)-(A6):
Equation (4) can be solved analytically to give the following expression for α p :
where a 0 ¼ R=Wð1 þ cos βÞ þ cos θ and b 0 ¼ sin θ. Let us analyze Eq. (4) in a limiting case of a very wide channel. For R=W ≈ 0, we obtain sinðα þ θÞ ¼ 1 or
This is an intuitive relation that shows for a more oil-wet post (lower θ), α p will be higher. In other words, a more oil-wet post can entrap a larger amount of oil. This relation also shows that for neutral (θ ¼ π=2) and water-wet posts (θ > π=2), α p ¼ 0 and α p < 0, respectively, there will be no oil left on the post [27] . Thus, the model is able to capture key features of the entrapment process.
To calculate the projected area of the trapped liquid pocket, we can solve for the following expression:
where
An analytical solution can be obtained for Eq. (A9) as follows:
We now compare the experimental results and theoretical predictions for posts over a wide range of obstacle contact angles (θ). For theoretical predictions, since we are investigating the advancement of the water interface over a surface, we use θ ¼ π − θ a;WO (since θ is defined as the angle subtended by oil with the contact line), where the values of θ a;WO are measured experimentally. Also, we use β ¼ 7π=36, which is estimated from the image analysis of the interface in contact with the sidewalls (see the Appendix for more details). Figure 3 where R c has a local minimum around α ¼ π=2, i.e., when the gap between the post and the wall is smallest. In addition, the microscopy images from experiments allow us to calculate the angular position of the interface on the post when pinch-off occurs α p , and the projected area of the trapped oil A [Figs. 3(c) and 3(d) ]. The change of α p and A with respect to θ shows that for a higher value of θ (less oil wet), lower values of α p and A are obtained. This is consistent with our expectations, since as the post becomes less oleophilic, the water/oil interfaces from the two sides touch farther downstream, leaving a smaller amount of entrapped oil. While our model correctly predicts trends in the experimental data, we underpredict the values of both α p and A [Figs. 3(c) and 3(d)]. We attribute the disagreement to (1) the effect of the top and bottom walls currently ignored in our 2D model, (2) deposition of a thin film of oil on the post that might alter the wetting properties, (3) the difference between measuring the contact angles on flat surfaces and the actual contact angles in small microchannels [29] , and (4) change in wetting behavior due to surface roughness and contact-angle hysteresis [30, 31] (details of contact-angle hysteresis measurements are provided in the Appendix).
B. Two circular posts: Theory and experiments
We investigate the case of two circular posts separated by a center-to-center distance d [ Fig. 4(a) ]. There are two possibilities that arise in such a case: (1) for d < d crit , the formation of a liquid bridge connecting two posts [Figs. 4(c)(i) and 4(c)(ii)] and (2) for d ≥ d crit , the formation of two independent oil pockets [Figs. 4(c)(iii) and 4(c)(iv)]. This liquid bridge formation is particularly interesting since the liquid bridge has a concave shape unlike a typical isolated droplet. Building on the analysis of the single-post case, we develop a theory for two posts to predict the condition for bridging [ Fig. 4(a) ]. We can augment Eqs. (A4)-(A6) with the following relations from geometric calculations for a bridging system:
For a given d, θ, R, W, β, we can solve for x c ; y c ; R c ; α, and γ by numerically solving Eqs. (A4)-(A6), (A8), and (A9). Therefore, for a given spacing between two circular posts, we can predict whether the liquid bridge will form. Further, for a known θ, R, W, β, α ¼ α p [Eq. (A8)], we can also solve for x c ; y c ; R c ; γ; d crit . Thus, we can also predict the critical distance (d crit ) below which a liquid bridge connecting the two posts will form.
For the wetting conditions used in the experiment (θ O2 ¼ 37°), we theoretically predict a critical distance of d crit Fig. 4(b) , t ¼ 0.36 s]. With the two-post case, we show that our method allows entrapment of oil in different morphologies (i.e., concave shapes) that is not possible in typical techniques. Moreover, the liquid bridges formed in our system are stable against flow instabilities due to geometric confinement where R=H > 1 [32] [33] [34] .
C. Different shapes and multiple posts
Another way to control liquid entrapment is to exploit the shape of the obstacle. Based on the equation of an obstacle perimeter in the x-y plane, we can define the gradient dy=dx. We propose that if the liquid-liquid interface encounters a sudden change in gradient when moving along the obstacle (i.e., the contact line), the interface attempts to readjust such that it can satisfy the new contactangle condition. However, during the process of readjustment, the interfaces from the two sides of the obstacle can touch and pinch-off can occur. Hence, we can effectively use the change in slope to suppress the effect of wetting and trap more oil. Here, we choose three additional shapes of posts: square, half-moon, and raindrop. A qualitative comparison of predicted and experimental behavior is provided in Fig. 5(a) . We also have good agreement between theory and experiment for the amount of oil trapped with different shapes [ Fig. 5(b) ]. The evolution of the interface as predicted by theory shows that unlike with a circular shape, the interface "pins" at the point of sudden gradient change of square and half-moon shape and entraps a large amount of oil. We provide detailed derivation of these results in the Appendix. When the interface reaches the corner of the square and half-moon obstacle, two scenarios are possible: (1) during readjustment, the interface touches the center line and pinches off and (2) the interface readjusts to a contact angle of θ with the post, moves inwards, and then pinches off. We show that for a half-moon shape, scenario (1) is valid even for a neutral wet post. In other words, a neutral wet post effectively traps the same amount of oil as that of an oleophilic post. For a square shape, since the change in gradient is lower (a) Theoretical setup for the twocircular-post case. From the geometrical relationship, we can predict a critical interpost distance d crit . (b) Sequential oil-water displacement images for two circular posts when two posts are placed with the critical distance d crit . Water/oil interface meets the first post, and the interface starts to curve around the post. For the critical distance case (d ¼ d crit ) , the water/oil interface simultaneously touches the center line of the channel and the second post. The liquid bridge connecting the two posts is disconnected when the top and bottom interfaces merge together, and the water/oil interface creates the second oil pocket on the second post as the interface moves in the downstream direction. (c) For a given condition, when the interpost distance is closer than the critical distance (d < d crit ), the oil bridge is formed and connecting the two posts, while when the interpost distance is farther than the critical distance (d > d crit ), two separate oil pockets are formed. Scale bars are 200 μm.
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compared to the half-moon shape, scenario (1) is valid for a limited range of wetting conditions. We can also design shapes with no gradient change that will effectively trap no oil. For instance, due to the constant gradient along the sides of the raindrop obstacle, the interface "slides" smoothly on the post, and an insignificant amount of oil is left behind at the end. In the Appendix, we show that the contact angle θ has to be less than the half-angle of the triangle to get oil entrapment. Hence, the geometry of the obstacle is another useful design parameter to control the shape and amount of oil entrapment. Based on our understanding of oil entrapment developed with circular and other shaped posts, we can envisage several ways to trap different morphologies of oil pockets [ Fig. 5 (c)]: (1) a series of posts traps concave-shaped oil pockets by using d < d crit , (2) a throat created by placing multiple posts near the sidewalls to force the interface to stay away from the wall, and (3) compartmentalized oil entrapment to allow for parallel experimentation using a diamond configuration.
As we mention previously, our method also allows us to trap water pockets which we image fluorescently in three different sized polymerized half-moon shapes [ Fig. 6 ]. Further, because we use half-moon-shaped obstacles, we reliably trap a significant amount water behind the post, a feature particularly useful for potential studies in diagnostics and drug discovery.
III. CONCLUSION
In this article, we present a method to trap oil and water pockets in a single step by sequential injection of oil and water (or vice versa) over photopatterned obstacles with controlled wetting properties. We demonstrate that we can control the amount of trapped liquid by tuning the contact angle as well as the shape of the obstacle. By exploiting the property of wetting, we show the ability to generate concave-shaped pockets and isolated pockets for parallel experimentation. Our platform can be used to create isolated aqueous pockets containing biological entities that can be further probed through subsequent reactions [4] , which can be useful in applications such as drug discovery and diagnostics where parallel experimentation is required. The approach can be easily coupled with existing methods to create isolated alginate-based hydrogels [35] . Also, by entrapping controlled amounts of oil, our technique can be used for the screening of chemicals for enhanced oil recovery (EOR). Our work highlights the role of obstacle shape in affecting the amount of oil trapped in a reservoir, an effect that is usually ignored since researchers generally use arrays of cylinders to mimic porous media in microfluidic devices [17, 20, 22, 23, 25, 36] . As demonstrated in our previous work [27] , we can also use this platform to create multiple-liquid compartments by designing structures with heterogeneous wetting (see the Appendix for an example). We hope this work will motivate two phase flow studies in porous media in which shape effects of obstacles are considered. Further, unlike traditional oil-recovery techniques such as core flooding, our platform is compatible with advanced microscopy techniques to provide useful insights into the mechanism of oil release during EOR. Our work can also have implications in fiber coating where one can envision an obstacle as representing the cross section of a fiber. Prior work on fiber wetting or coating is limited to circular cross sections [37, 38] . Similarly, the understanding of noncircular shapes can be applied to the coating of nonspherical magnetic particles that are typically synthesized using microfluidic techniques [39, 40] . Finally, since our method can be modeled through geometric calculations, it can be a good model system for fundamental studies of multiphase flows and wetting.
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APPENDIX: SUPPLEMENTAL INFORMATION FOR THEORETICAL MODEL AND EXPERIMENTS

Theoretical setup of the single circular post
We propose that in the limit of low capillary numbers, the water/oil interface assumes the shape of a circular arc that satisfies contact-angle boundary conditions with solid boundaries [ Fig. 7(a) ]. We assume the center of the post as the origin, the radius of the post is R, the half-width of the channel is W, α is the angular position of the interface on the post, x c and y c are the x and y coordinates of the center of the circular arc, R c is the radius of the circular arc, and θ and β are the contact angles subtended by oil in water with contact lines of the post and sidewalls.
Here we derive the interface equation, i.e., solve for x c , y c , and R c as a function of R, W, θ, β. We divide the geometry into three right-angle triangles, as shown in the Fig. 7(b) . Since at the point of contact between the interface and post, the angle between normal to the post and normal of the interface is θ (as the angle between their tangents is θ), the interface normal makes an angle of α þ θ with the horizontal line. Through geometrical equations, we obtain
Solving for y c , x c , and R c , we get
x c ¼ R cos α þ ðy c − R sin αÞ= tan ðα þ θÞ; ðA5Þ
We can find the condition of pinch-off by noticing that in such a scenario, the interface will touch the central plane, or mathematically, y c ¼ R c [Fig. 1(c) ]. Using this condition in Eq. (A6), we get 
Now using Eq. (A7) in (A1), we get the angular position of pinch-off α p , the expression for which comes out to be as follows (see Sec. II A):
where a 0 ¼ R=Wð1 þ cos βÞ þ cos θ and b 0 ¼ sin θ. To calculate the projected area of the trapped liquid pocket, we can solve for the following expression:
p . An analytical solution can be obtained for Eq. (A9) as follows:
The dependence of A with θ is discussed in Sec. II A of the main text.
Analysis of obstacles with different shapes a. Square
We present an analysis to predict the pinch-off condition and amount of trapped liquid for a square obstacle. The upper half of a square obstacle is shown in Fig. 8 . We assume the origin to be the center of the square and the half side of the square to be a. When the interface reaches the corner of the square obstacle, the interface encounters a sudden change in gradient and, thus, attempts to readjust to the new contact-angle conditions. There are two scenarios possible in this case: (1) During readjustment, the interface touches the center line and pinches off. In this scenario, the oil-in-water contact angle between the interface and vertical side is θ 0 such that θ 0 ≥ θ [ Fig. 8 ]. (2) The interface readjusts to a contact angle of θ with the vertical side, moves downwards, and pinches off. Here, we discuss only case (1) .
We can write the following equations:
Combining Eqs. (A11) and (A12), we get
where R c ¼ W=1 þ cos β. Using a ¼ 100 μm, β ¼ 7π=36, and W ¼ 500 μm, we obtain the value of θ 0 ¼ 39.5°. This is greater than θ ¼ 37°used in experiments, and, thus, we are in scenario (1) . We can calculate the entrapped amount as follows:
Upon integration, we get
. Moon
We present an analysis to predict the pinch-off condition and amount of trapped liquid for a moon-shaped obstacle. The upper half of a moon obstacle is shown in Fig. 9 . The moon-shaped geometry is generated by clipping out the overlapping region between two circles from a primary circle. We assume the origin to be the center of the primary circle (from which the overlapping area is subtracted) and the radius of both the circles to be R. The equation of the primary circle is x 2 þ y 2 ¼ R 2 , and the equation of the secondary circle is ðx − RÞ 2 þ y 2 ¼ R 2 . The intersection of the two circles occurs at x ¼ R=2, y ¼ AE ffiffi ffi 3 p R=2. Thus, we generate the following equations for the moon-shaped obstacle: y¼ R sin t 1 ;
; ðA18Þ
As the interface moves over the obstacle at x ¼ R=2, y ¼ AE ffiffi ffi 3 p R=2, the interface attempts to readjust to the new contact-angle conditions. During the process of readjustment, the interfaces meet and pinch-off occurs. Let us assume the apparent contact angle when the pinchoff occurs is θ 0 . For simplicity, we define θ 00 ¼ θ 0 − π=3, the angle subtended with the vertical by the tangent to the interface. We can derive the following equations:
Rearranging Eqs. (A20) and (A21), we get
where R c ¼ W=1 þ cos β. By using R ¼ 100 μm, W ¼ 500 μm, β ¼ 7π=12, we get θ 0 ¼ 106.7°. This shows that a moon-shaped post with even neutral wetting can enable encapsulation since pinch-off will occur as long as θ 0 > θ. We can obtain the following result for the area:
c. Raindrop
We now discuss the analysis of liquid entrapment behind an obstacle of raindrop shape. The upper half of the obstacle is shown in Fig. 10 . The raindrop shape is generated by combining a semicircle with radius R and an isosceles triangle with the diameter of the semicircle as a base, and angle 2α. Therefore, in the upper half, we see a right-angle triangle with side R and angle α. We assume the horizontal distance of the point from where the interface pinches off to the vertex of triangle is x p [Fig. 10 ]. Also, if the tangent to the interface at the point of contact makes an angle of θ with the side of the triangle, it can be shown that the normal to the interface makes an angle of α − θ with the vertical line. This result also leads to an important criterion that the raindrop will only trap liquid when α ≥ θ. For the case where we expect to see entrapment, we can write the following equations:
Equations (A24) and (A25) can be combined as follows:
where R c ¼ W=1 þ cos β. For the conditions used in the experiments, α ¼ 19°and θ ¼ 37°, and, thus, we do not expect to see any entrapment. However, for α ≥ θ, we can write the following expression for the entrapped area:
3. Photopolymer composition and contact-angle measurement procedure
Polymeric substrates are prepared with precursor solutions of tabulated concentrations cured under the UV lamp (wavelength 365 nm) for 3 min and thoroughly rinsed with acetone to remove any uncured precursor [ Fig. 11(b) ]. A quartz container filled with decane (Sigma-Aldrich) is located on the measurement stage of the contact-angle goniometer (ramé-hart). The prepared substrate is immersed in the decane-filled quartz container, and the needle is set above the substrate surface. Water is infused and withdrawn at a constant injecting or retracting rate (5 ml=h) by a syringe pump (Harvard Apparatus), and the maximum volume of the droplet is 20 μl. The advancing and receding contact angles are measured with an image software (DROPimage Advanced, ramé-hart) when there is an evident contact line change, advanced or retreated, approximately 1 min after the infusion or withdrawal of water is stopped. All measurements are repeated three times, and the average contact angles and the standard deviations are recorded the Table I . For the water-trapping obstacles, we use 60% 2-hydroxyethyl acrylate, 35% 1-(acryloyloxy)-3-(methacryloyloxy)-2-propanol, and 5% 2-hydroxy-2methylpropiophenon (v/v).
Contact angle (β) of oil in water with sidewalls
To define the contact angle (β) with sidewalls for our theoretical model, we prepare an empty microchannel filled with the oil phase. Water is injected using a syringe pump. and time-series microscope images are taken to calculate the contact angle with channel sidewalls [ Fig. 12 ]. We conduct this water displacement with oil experiment for four distinct gap-averaged flow velocities, and we observe similar contact angles for these four flow velocities. We take the value of 35°as the angle subtended by the oil phase with the channel sidewalls (β) for our theoretical model. This contact angle can be seen as counterintuitive because our glass channel has a hydrophilic wetting property. However, we believe this acute oil in water contact angle is because of (1) the presence of a thin layer of oil precoating the channel surface [41, 42] and (2) a trapezoidal cross section from anisotropic etching of the glass channel [43] . We also perform the reverse-flow case, i.e., water displacement with oil for four different flow conditions, and obtain a consistent value of 95°subtended by the water with the channel sidewalls. The difference between contact angles depending on the order of displacement corroborates our hypothesis that there is an effect of the precoated phase on the sidewall.
Formation of satellite drops during pinch-off
During the process of encapsulation, at pinch-off, we sometimes observe the release of oil through the formation of satellite drops. This phenomenon is observed for different post geometries [ Fig. 13 ]. However, an exact estimation of oil released is beyond the scope of this work. Figure 14 shows the effect of the flow rate on oil encapsulation. We vary the flow rate by 3 orders of magnitude but do not observe any significant change in the amount of oil encapsulated. This is consistent with our expectations since even at u av ¼ 100 mm=s, Ca ≪ 1, and the effect of interfacial tension is dominant.
Effect of water flow rate on oil encapsulation
Circular arc approximation for the oil/water interface
We use image analysis to verify the circular arc approximation for the oil/water interface [ Fig. 15 ]. We assume the center of the circular post to be the origin and extract the x, y coordinates of the different oil/water interface (shown as circles). We use only three experimental points to construct circular arcs (shown as solid lines) and observe that the remaining experimental data fall on the constructed arcs, verifying our circular arc approximation. We also show a comparison between experimental data and predicted values by comparing R c in Fig. 3(b) of the main text.
Encapsulation of multiple-liquid compartments
We can create the multiple-liquid compartment by creating heterogeneous wetting pillars, as demonstrated in our previous work [27] . Figure 16 demonstrates a sequential injection of three different fluids (water, decane, and fluorinated oil) in a channel with a hydrophilic post surrounded by oleophilic posts. Through this approach, we are able to encapsulate both water around the hydrophilic posts and decane around the oleophilic posts. FIG. 15. We extract the x, y coordinates of the oil/water interface using image analysis (shown as circles). We observe that the experimentally extracted data of coordinates fall on the arcs constructed using three data points (shown as solid lines). 
